(referred to as type-I and type-II experiments) that were devoted to search for Dirae magnetic poles (~,2) among the secondary particles produced in protonnucleus collisions at the CERN-PS (a). The results of both experiments were negative so that we could only state upper limits for the production crosssection.
Similar results were obtained at about the same time, by M. I~IDECARO, FINOCOHIA~O and GIAOO~EU~I working at CEI~N with counters (~) as well as by the group working at Brookhaven along somewhat similar lines (5).
In order to understand the details of all these experiments and to appreciate the significance of their negative results, it is necessary to recall the main properties of the Dirac poles. These are thoroughly discussed in a CEl~N-report (6), describing in detail the two experiments reported in ref. (3) as well as a third experiment described in Section 3 of the present paper.
The pertinent properties of Dirae poles can be summarized as follows:
a) The magnetic strength of Dirac poles should necessarily be integral multiple n (n= =hl, • 2, ...) of the elementary strength g~ which is expressed in terms of e, ~ and c by the Dirac relationship (~,:) (1) g_ 1/~c_ 1137 e 2 e ~ 2 "
We will arbitrarily assume n =-~: 1 throughout this paper~ except for a short discussion at the end of Section 4 on the ease n----_-J= 2. The large strength indicated in eq.
(1) would cause poles to have a very high energy loss by ionization in matter: at high velocity, the ionization of a pole of strength g is expected to be 4 700 times the minimum ionization produced by a particle of charge e.
b) The poles would gain 20.5 MeV/em by acceleration in a field of 1 kOe. c) They could be bound to a paramagnetie atom or molecule with energies comparable to the chemical bond (6,7).
(1) p. A. ~. DIe,c: Prec. Roy. Soc., A 133, 60 (1931) . (2) p. A. M. DIRAe: Phys. t~ev., 74, 817 (1948 Aix-en-Provence, sur les Particules glgmentaires, 1961, p. 155. (t) !Yr. FIDECARO, G. FINOCCHIARO and G. GIACOMELLI : NUOVO Cimento, 22, 657 (1961) . (5) ~'. B. COLLINS, T.
•UJII, J. HORNBOSTEL, E. ~/[. PURCELL and F. TURKOT: Phys. Rev., 129, 2326 Rev., 129, (1963 ; we thank prof. PuRCE~r~ for sending us the manuscript of their paper before publication.
(6) E. AMALDI, G. BARONI, H. BRADNER, H. G. DE CARVALHO, L. HOFFlYfANN, 2~. ~ANFREDINI and G. VANDE~IAEGH~,: CERN-Report 63-13.
(7) W. V. R. I~ALKUS: Phys. Rev., 83, 899 (1951) .
d) Due to the paramugnetism of oxygen molecules, poles of low velocity in air would tend to agglomerate these into (~ globules )> involving between 6 and 70 molecules (6). e) Because of the long range of the electromagnetic forces, poles are expected to show an interaction with matter in bulk; they would be repelled by diumagnetie substances and attracted by paramagnetic substances. The work necessary to push a pole into a diamagnetic substance such as graphite is estimated to be slightly less than one tenth of an eV, while the extraction work from a p~ramagnetic crystal such as chromium can amount to a few tens of eV (6).
f) The possibility of a binding between a pole and a nucleus also should be considered. It would originate from two different effects: the first, would be due to the interaction of the Diruc pole with the magnetic moment of a nucleus (5.6,7). The second effect would take place only if the Dirac poles were fermions, since they would then necessarily show an electric dipole moment which would interact with the electric charge of the nucleus (6.). Crude estimates (6) suggest that these two effects, taken separately or together, would not be strong enough to produce a pole-nucleus bound system. This conclusion, however, should be taken with reservation since more refined analysis could show some conditions for pole-nucleus binding.
The various experiments carried out with high energy accelerators by different authors (3.~,8) differ widely from each other in their physical implications. In particular, this is the case for the three experiments we have performed:
In the type-I experiment, a target of a few gxams per square centimeter thickness was 'irradiated by the circulating beam of the proton-synchrotron. Poles produced in such a target by proton-nucleon collision, or by secondary 7-rays, would lose energy rapidly by ionization and would come to rest in the target itself. The irradiated target was the~ removed from the accelerator and placed in a pulsed magnetic field of 60 to 150 l~Oe, which should be sufficient to extract tightly bound poles from it and accelerate them through nuclear emulsions. Several target materials of different magnetic susceptibilities, and various arrangements of pulsed field were used.
In the type-II experiment, a magnetic field of several hundred oersted was applied to the target, in the accelerator, during each beam pulse. Poles pulled out of the target by this magnetic field would be further accelerated in a vacuum pipe passing through a solenoid and would produce distinctive tracks in nuclear emulsions placed following a thin exit window. In addition, immediately after the irradiation, the target was taken out and placed in a (s) H BRADNEI~ and W. M. ISBELL: Phys. leer., 114, 603 (1959) pulsed magnetic field, as in the type-I experiment, to detect poles that were bound too tightly to be removed by the field applied in the accelerator.
In experiments of both these types, the Dirac poles would first be reduced to thermal energy inside the target where they were produced and then, either immediately (type-II experiment) or after some time (type-I experiment), they would be pulled out by an appropriate magnetic field. Thus, the theoretically expected behaviour of Dirae poles in matter has an important bearing on the principle of experiments of type I and, to somewhat less extent, of type II.
The same classification holds also for experiments made with counters (4,5), since it does not involve the type of detector but only the properties of the Dirae poles which enter in the design of the experimental set-up and in the interpretation of the results.
Since it was recognized that all the experiments made earlier at CERIq and Brookhaven were either of type I or of type II, we thought it desirable to set up an experiment similar to one carried out at lower energy by ]3RADI~ER and IS]~]~LL (s), in which the process of slowing down the poles to thermal energy in the target is avoided.
In this experiment (referred to as type-III experiment), poles produced in a beryllium target and leaving it at high velocity, would be bent by a 20 kOe pulsed magnetic field into a magnetic channel, approximately 2.5 m long. This latter was designed in such a manner that the kinetic energy of the collected poles would never fall below about 0.5 GeV. 1Wuelear emulsions were placed at various positions along this channel.
-Theoretical considerations about Dirac poles.
It may be useful to recall that one of the main reasons for establishing the existence--or nonexistence--of Dirac magnetic poles originates from eq. (1), which would provide an explanation of the quantization of the electric charge of all elementary particles.
An objection often raised against the monopole hypothesis, is that the Dirac theory, although very suggestive from many points of view, is not complete since it represents a first quantization theory. The second quantization of the electromagnetic field, when magnetic point sources are present in addition to point electric charges, appears to meet considerable difficulties when attempted along the usual lines.
Many rather subtle questions have been debated on several occasions concerning the possibility of developing such a theory to its end (9). Since, how-(9) A discussion held at CERIq on this point is summarized in Appendix A of ref. (6). ever, the possible existence of Dirae magnetic poles was never found to be in clear contradiction with any well-established ]aw of nature, many authors in the past have proposed experiments in order to search for poles either in the cosmic radiation (7,1o) or among the secondary particles produced in high-energy collisions (8). The same general attitude towards this problem was adopted recently by the various groups working at CEI~N and Brookhaven.
In the meantime, a step towards the solution of the theoretical difficulties mentioned above, has been made by CABISBO and FEagARI (11) , who succeeded in extending the quantum electrodynamics to the case when point poles and point charges are present. This has been obtained by generalizing the new formalism developed by )/[A~])ELSTA~ (1~) in which use is made of the electromagnetic field without introducing the corresponding potentials. CA~Bo and FERnAgI have so far not succeeded in finding a variational principle from which the equations for the generalized electromagnetic fields can be derived. But their present results are already sufficient to show that a second quantization theory can be constructed, the internal consistency of which requires that the Dirac relationship (1) should be fulfilled. emulsions of different sensitivities at various positions in respect of the target, with and without shielding. Various processing methods were tried, in order to improve the discrimination between tracks of heavily ionizing particles and general background.
A beryllium target, 15 mm thick, was placed at a distance slightly less *hart 20 em from the deflecting system (*). This consists of two pairs of coils (the shape and dimensions of which are shown in Fig. 1 and 3 ) placed above and below a special section of the PS doughnut m~de in ar~ldite. Only the field of the first pair of coils was actually used for the extraction of poles. The second pair of coils produces a magnetic field in the opposite direction to that of the first pair, in order to minimize the perturbation on the circulating beam. Measurements (*) have shown that the remaining perturbation is negligibly small, even when the magnetic field at the orbit is as high as 24 kOe, provided the coils were not acting during the injection and the beginning of the acceleration of the 'beam. At 20 kOe, fHo dy computed along the orbit amounts, for each pair of coils, to about 7.10 ~ Oe.cm. and their mutual compensation is better than about 2%.
The coils were supplied by a condenser bank of 300 kJ and 75 000 ~F (13). The inductance of the coils is such that the rise time of the field was about 2 ms. The change in the field during • ms around its maximum value, was about 20 %. The burst of secondary particles from the target, as detected by a scintillation counter, had a width at half-height of about 0.8 ms. The discharge of the bank was synchronized with the target operation, in order to have the maximum field and the peak of the burst in coincidence. This was controlled continuously with the help of an oscilloscope, a picture of which is shown by Under these experimental conditions, we should expect t h a t 70 to 75 % of the poles leaving the target should come out of it while the field is between Hm~ and 0.93 Hm~x, and the remaining 30 to 2 5 % while the field is between 0 . 0 3 H~ x and 0.80Hm~x. The lines of force in the magnetic channel of Fig. 1 were going from the ~ Krienen coils ~) (south pole) to the solenoids (north pole). The field at the centre of each of the three solenoids was about 2 000 Oe. They were pulsed in synchronism with the magnet cycle of the PS in such a way t h a t they were acting over a time interval covering widely (~3 0 0 ms) the pulse of the (~ Krienen coils )).
Emulsion stacks were held in the positions A, B and D (see Fig. 1 ) b y styrofoam layers. They were composed as follows: stacks exposed in A and B, 5 pellicles of K0 emulsion alternated with 5 pellicles of K minus 1; stacks exposed in D 4 pellicles of K0 emulsion alternated with 4 pellicles of K minus 1, followed b y 8 pellicles of K2.
All pellicles were 200 ~m thick and of 10 cm • 7.5 cm area. F r o m the preliminary studies mentioned above, we had concluded t h a t no emulsion could be left in a n y of the three positions A, B and D for more t h a n about 2 hours, which corresponded to about 2.1014 circulating protons. Table I shows the main features of the various exposures. The total exposure time amounted to about 8 hours, about 20 % of which was lost because of troubles in the synchronization of the pulsed coils with the target operation. In order to reduce the fading during the exposure and before processing, the stacks were kept cold with dry ice. The development was started immediately after the exposure. All emulsions exposed in positions A and B, and the K2 emulsions exposed in position D have been processed with the (( fission developer ~) (14) ; the K0 and K minus i emulsion exposed in position D have been processed with a classical amidol developer at low temperature.
The emulsions exposed in A and B have been examined with Leitz microscopes (x22 oil immersion objective • 10 GF-eyepieces). The emulsions exposed in D have been examined first with Wild stereo-microscopes (x 4, • 10) but for reasons given below a part of them has been reseanned with a Leitz microscope. The scanning of the emulsions was made according to the following rules; the first two pellicles (a K0 and a K minus 1) of each stack were examined, in order to choose the one showing more clearly nuclear fragmentation (14 None of the recorded tracks has been found to cross completely more than one pelliele. There is no indication that they were significantly more numerous in the first pellicles of the stacks, with respect to the target.
The variations in the total number of fragmentation tracks observed per unit area of the emulsions exposed in the three positions A~ B and D correspond to about what is expected according to the solid angle and the exposure time, under the assumption that these fragments are produced mainly by y-rays coming from the target.
Except for these rather short and easily recognizable fragmentation tracks~ no heavy long track has been observed in any of the stacks. However, thre~ very thin tracks, crossing the pellieles almost perpendicularly to their surface, have been observed first in emulsions exposed in B. Though hardly distinguishable out of the background, they have been followed through the complete stack in which they were found. Two of them are in a region where we could have registered pole tracks, while the third is in a region which was shielded by the windings of the solenoid 2 with respect to the pole trajectories. We thought that these tracks were rather puzzling, but the position of the third track and the relatively low ionization of all three of them induced us to suspect some instrumental effect. If the tracks observed in emulsions exposed in B were due to monopoles, according to the computed trajectories similar tracks should be found also in emulsions exposed in D but at an angle of about 60 ~ to 70 ~ with respect to the surface of the pellicles (see Fig. 1 )~ When the emulsions exposed in D were first examined with stereo-microscopes, such thin tracks could not have been seen. Therefore, we rescanned carefully a part of them with Leitz microscopes. The emulsions exposed in D are a]most without background grains, in spite of the fact that they have been developed strongly enough to show fragmentation tracks with a Z ~bout one half as large as in the emulsion of the corresponding types exposed in B (*). We found indeed many thin tracks perpendicular to the sttrface of the pellicles but not one at an angle compatible with a pole trajectory.
An order of magnitude estimate shows that these tracks can be interpreted as due to ~-partieles and tritons of low velocity, originating in nuelea.r disintegi'ations produced by y-rays. The fact that only the perpendicular tracks are visible is due to the combined effect of the shrinkage of the emulsion and of the apparent increase in grain density of steep tracks, which favour recognition.
The same effect should apply also to the emulsions exposed in A and B but to tracks of particles of higher Z, because of the weaker development and the much higher background. This explains why we happened to observe only three tracks of this kind in emulsions exposed in B and none in emulsions exposed in A.
Thus we conclude that also in this type-III experiment no track has been observed which could be attributed to monopoles.
4. -Derivation of the 95% confidence limit for the cross-section.
The type-III experiment described in Section 3 gave a negative result, the same as the experiments of type I and II, in the sense that no observed track could be attributed to a Dirac magnetic pole. Therefore we can only derive upper limits for the production cross-section.
Since the procedure followed for deriving such upper limits from the experiments of type I and II was not mentioned in reference (3), all three experiments will be discussed here from this point of view. Table II summarizes those features of the three experiments which are relevant for the present discussion.
Let us call Ng the average number of monopoles that would have been observed if the cross-section for production of pairs of poles in the protonproton or proton-nucleon collision were (~b(P, g) (with b-----p or zN'). Then one can write where: 2V,, is the total number of circulatfiig protons in the PS (Table II) ; (*) This had been checked previously by comparison of the aspects of fragmentation and fission tracks in emulsions of the same type (KO and K minus 1) exposed to various particle of known energy and developed in the same manner (~4). 
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(a) In the computation of X b we have always used the value of ~target corresponding to ma/m p = 2.5.
(b) In the case of the C target ~target turns out to be 1.01 for p-p collisions and 1.05 for p-jr collisions because one half of the poles produced in the Bi layers placed in front and behind the graphite was taken into account (q.
(c) The value given here for type-III experiment represents ~.
The coefficient ~ has been introduced into eq. (2) in order to take into account the efficiency of the various experimental set-ups.
For type-I and type-II experiments one can write where ~?R refers to the collection of poles by the magnetic field from the target into the emulsion and ~,~o~ represents the fraction of the total number of poles produced and stopped in the target itself.
The value of ~H depends on the magnetic field and vacuum conditions in the region between the target and the emulsions. From a study of the trajectories that a pole would have followed, we concluded that ~R couldbe taken equal to one in all cases discussed in this Section, except in type-I experiments made with the Cu-Cr and Al-polyethylene targets, shown in Fig. 3 of reference (3); in this case VH~0.5 because the target was placed in a region of diverging field lines (6).
The computation of the target efficiency ~o~ was made by taking into account: a) the energy spectrum of the Dirac poles computed from the phase space volume, under the assumption that the two nucleons and the two monopoles share with equal probability the total kinetic energy available in the e.m.s, of the two colliding particles and arc emitted isotropically (~7); b) the range-energy relation of poles in the target (6) derived from their ionization loss (').
For the type-III experiment the overall efficiency ~ can not be split into two factors, because it is obtained by integrating the product of two factors over the momentum p and the direction of emission v~, ~: the first factor represents the spectrum of the poles coming out from the target with momentum p at an angle ~ with respect to the incident protons; the second factor represents the efficiency for collection of poles by the magnetic channel, and is a function of p, ~ and ~ (6).
In order to derive upper limits for the production cross-section, we consider the quantity 1 (4) ~'~ =--, representing the value of the cross-section that we would derive from eq. (2) if we had observed in a certain type of experiment No : 1. This quantity can b'e computed for each one of our experiments; its values are given in the last column of Now it follows from the Poisson law that, if ng= 0 is the observed value of a number ~Yg varying at random, the probability for ~he average value of 2Yg to be N is given by exp [--~Vg] . This remark, combined with eq. (5), gives
for the probability of observing no poles in an experiment characterized by a certain value of Zb, under the assumption that ab(P, g) is the actual value of the cross-section for production of poles. By equating Pb to 1/20 we obtain the 95 ~o confidence limit (7) ab (95 %) ----Zb in 20 -----2.995 7 ~b the values of which are given, for each experiment, in Table III . For type-I and type-II experiments it is necessary to specify the conditions of validity of the 95 % confidence limits; these are indicated in the last three columns of Table III where we have tried to summarize the discussion given in reference (6) about the chemical binding of poles to molecules. We should add that the conclusions drawn from experiments of type I and II are valid only under the reasonable--but not necessarily true--assumption of no binding of poles to nuclei.
Similar reservations also hold for most of the experiments made by the other groups.
The experiments of FIDECARO, FINOCCHXAtr and GIACOM:ELLI (4) are all of type I or II; this remark holds even for the particularly interesting experiment based on the detection on high-energy y-rays emitted in the annihilation of two poles of opposite sign inside the same target (Al § where they are supposed to be produced and slowed-down to thermal energy. This experiment, on the other hand, establishes a rather high value for the uppex limit of the cross-section (10 -85 to t0 -36 cm ~) under the assumption that. the annihilation of two poles of opposite sign takes place mainly via the emission of two ,/-rays.
The experiments of the Brookhaven group (5) should also be classified as experiments of type II. They differ from the experiments of the same type made at CER~7 mainly because the poles are produced, at least in part, and slowed-down in a liquid (a pump oil) and then pulled through it and finally extracted through its sm'face by means of magnetic fields. The fact that the medium is a liquid, allows the movement of the poles as well as their extraction through the surface with the magnetic field used, even in the case of a molecular struetttre--simi]ar to a little liquid bubble or drop--enclosing the pole. (b) The upper limits for the binding energy given in this column are computed using the values of the magnetic fields listed in the fourth column of Table II. The lower limit of 0.6 eV for type-I experiments derives from the condition that the poles should not diffuse out of the target under the pull of the earth magnetic field during the time between bombardment and application of the pulsed magnetic field (~).
(c) The upper limit for the number of O~ molecules that could be pulled out of the target surface together with pole, has been computed from the values of the magnetic field given in the fourth column of Table II by considering: the extraction work W e of diamagnetic (W e < 0) or paramagnetic (W e > 0) origin; a possible local binding within 2-10 -8 cm from the surface (W v = 0.1 eV) and a binding energy to the solid surface of 0.1 eV for each O9 molecule. For type-II exper'maent the condition is imposed that the time t required for a pole to jump out of the graphite surface should be < 3-10 -3 s; for type-I experiment the upper limit on N has been computed by taking ~ < 5.10 -~ s, the lower limit by requiring that in the earth.magnetic field ~ should be > 12 h p).
Some reservation about the conclusions of these experiments can be raised only in consideration of the possibility that the poles remain bound to a heavy nucleus (point ]) of Section 1) since under these conditions they would have escaped observation. Such a possibility is rather remote because of the scarcity of heavy nuclei in the various media crossed by the poles.
No reservation deriving from chemical or nuclear binding can be raised against experiments of type III since the formation of any bound structure is fully avoided by keeping the kinetic energy of the poles above about 0.5 GeV along all the path from the point of production to the region of detection.
This favourabte aspect is accompanied by a considerable decrease of the efficiency U of the experimental set-up which in turn produces an increase by a factor between 8 and 10 of the 95 ~o confidence limit. The decrease of the efficiency U is due to the fact that the poles travel at high velocity a total path from the target to the detector of about 2.5 m.
In spite of the fact that the negative result of each one of our experiments is subject to different restrictions or reservations, one can try to obtain a global estimate for the upper limit of the cross-sections, from all of them lumped together. This is obtained by introducing into eq. (7) the quantity Zb ~ob,~ defined by the relationship
where the sum extends over all the experiments listed in Table III. Thus  one These values are the lowest obtained until now; they have, however, the disadvantage with respect to those given in Table III , of being subject to all the reservations mentioned in the discussion of each one of the experiments involved in their computation. These are the conclusions that one can derive from our experiments under the assumption adopted so far throughout this paper, that the Dirac poles have the elementary magnetic strength g given by eq. (1).
The possibility should now be examined that poles exist with a large value (n----• ~=3, ...) of the magnetic strength. Let us consider, for instance, the ease of <~ doubly charged ~> poles, i.e. of poles with a strength 2g ~--137 e.
The difference in behaviour of <~ doubly charged ,~ poles is immediately understood by noticing that: a) for the same initial velocity <~ doubly charged ~ poles would suffer in matter an energy loss 4 times larger than that expected for ~ singly charged ~> poles. Therefore, for the same mass and the same initial kinetic energy, they would have a range 4 times shorter; b) when accelerated through the same magnetic field, the (~ doubly charged )) poles would gain in energy twice as much as <( singly charged )~ poles. Therefore, if they were brought to rest in a piece of matter after acceleration in the ~same field, which they entered with negligible energy, their range would be only one half of that of (( singly charged ~> poles.
With these very simple rules in mind, the significance of our three experiments can be re-examined under the new assumption of <( doubly charged ~ poles.
The first remark that can be made is that, in all three experiments, the range of (( doubly charged ~ poles would have been long enough to cross the regions of the emulsion stacks that have been actually examined. As their rate of ionization loss would have been 4 times larger than that of <~ singly charged ~> poles, one can state with certainty that we should have easily recognized their tracks~ if they would have been there.
As regard to the estimate of the 95 ~o confidence limits of the production cross-section, the situation is different for the experiments Of type I and II from that for the type III experiment.
For the experiments of type I and II the values of ~t~,~ot are closer to 1 for <( doubly charged >> poles than for <( singly charged ~> poles, with the result that the corresponding ab(95 ~o) will be lower than those given in Table III . For the type-III experiment, instead, the value of ~ is reduced by a factor 4, mainly because of the decrease of the number of poles coming out of the target. Therefore, the corresponding 95 ~o confidence limit increases by a factor 4. Finally the limits of validity listed in Table IiI for type-I ~nd type-Ii experiments change as follows: the limits for the binding energy E do not change at all The upper limit on iv for the type-II experiments increases from 8 to 9 and for the type-I from 250 to 490. The lower limits on iV for the type-I experiment do.not change at all or increase ~t most by one unit.
-Final remarks.
In conclusion, from each one of our experiments (8,~) as well as from those of the other groups (~,5) it appears dearly established that the cross-section for production of pairs of I)irac poles of mass below or around 3 proton masses in proton-proton or proton-nucleon collisions at about 28 GeV, has a 95 % confidence limit which varies from case to case between 10 -~8 and 10 -4~ cm 2. If all these results are lumped together, the overall 95 ~o confidence limit is pushed down below ~ 10 -4~ em 2.
In order to clarify the significance of this conclusion we may recall that a lower limit for the mass at about one proton mass has been established, a few years ago, from experiments at the Bevatron by BRAn~E~ and ISBELL (s). A lower limit of approximately 2.4 proton masses can be inferred from the (g--2) experiment (~s) since virtual production of lighter poles would produce a discernable effect on the magnetic moment of the muon. Such a result --kindly supplied to us by DE T0]~T,IS and GATTo--should, however, be taken with reservation, since it has been derived by. means of perturbation methods .(see below); furthermore it involves the use of a reasonable but arbitrary assumption about the interaction of the pole with the e.m. field (6).
It may also be noticed that the present experimental value of about 3 protonic masses is larger than the value m a ----mo= --m, ~ 2.56mp, iv which is often considered--rather arbitrarily--as a reference value since it correspons to a classical radius of the pole rg = g~/mgc 2, equal to the classical radius of the electron. An experimental upper limit for the production cross-section of pairs of poles in nucleon-nucleon collision, as that stated above, is of limited significance until it is compared with a theoretical estimate.
It is well known, however, that this problem can not be treated adequately in the frame of the present theories because the coupling constant of poles to the e.m. field is so large that all methods usually applied for the computation of the various e.m. effects produced by charged particles, break down completely in the case of poles.
In spite of that we have attempted to arrive at a very rough evaluation of the production cross-section by perturbation methods under the assumption that poles interact only with the e.m. field.
We emphasize that these results should be used with all possible reservations. We can only say that, from the experience of computations made with perturbation method in the case of pion interaction, one can hope that the results obtained by such a procedure in the case of poles are not in error by as much as two orders of magnitude and possibly by less than one order of magnitude.
Thus, we thank CABI]3BO and FER~ARI who have been so kind to provide us with the expressions of the cross-sections (6) ,for the two graphs of Fig. 5 and 6~ in spite of their justified reluctance to use perturbation theory--at the lowest order--in such a case. Because of the crudeness of the computation no attempt was made to give an accurate description of the e.m. vertices of the protons, the structure of which was taken into account by introducing the proton charge form factor F~p(k2): Using for Flp(k~ ) the expressions given by the Cornell (19) and the Stanford (5o,21) groups, we obtained the values given in Table IV ; the differences between the various columns can easily be understood by considering the main features of the corresponding expressions for Fl,(ks)and by keeping in mind that a (~ hard core ~> favours the production of pairs of Dirac poles, especially for large values of m a. Other graphs, as for example that describing the production ~ of pairs of poles (( via )> the y-rays emitted in the decay of a virtual pion generated by the strong proton-nucleon interaction, appear to give a contribution not larger than that originating from the graphs of Fig. 5 and 6 .
We believe that the data given in Table IV Lett., 6, 286 (1961) . (20) 1% HOFSTADTER and R. H~R~AN: Phys. Rev.. Lett., 6, 293 (1961) . (21) Lett., 8, 381 (1962) . Table IV are many orders of magnitude larger than the experimental upper limits for the production cross-section. The difference is so large that it appears reasonable to conclude--in spite of the crudeness of the theoretical estimates---that Dirac poles do not exist in the explored interval of masses. %/m, This result, although in some way expected, deserves some further consideration. It could be due to various reasons of secondary importance: for example one cannot exclude the possibility that the theoretical estimates of the production cross-sections are wrong by many more orders of magnitude than expected, or that the energy loss Of the monopoles in matter is much smaller than it has been estimated by semi-classical procedures, so that they have escaped observation in all the experimental set-ups used until now. Our negative result could also be due simply to the fact that Dirac poles exist in nature with a mass larger than the upper limit of the explored interval of masses.
Another possibility, of course, is that Dirae poles do not exist at all. Following DmAC (1) one could say that nature did not profit of this possibility discovered by man in its mathematical description of phenomena. In this ease it would be interesting to find some rule or law which explains why poles cannot exist, and it would be necessary to find a new explanation for the most striking empirical law: the quantization of the electric charge. go** We wish to express our thanks to the PS Machine Group for his ~aelp in the setting up of our experiments and for the efficient operation of the machine, sometimes under quite unusual conditions.
We are grateful to F. KRIE2~EI~ for putting at our disposal the special coils used in type-III experiment.
We thank technicians of the CERN-Workshops and of the CERN-Emulsion Group for their assistance at various stages of the experiments and the microscopists of the Rome Emulsion Group for the careful scanning of the plates.
RIASSUNT0
Viene descritto uil esperimento avente lo scopo di mettere in cvidenza la eventuale produzione di poli magnetici di Dirac in un bersaglio di berillio colpito dal fascio interno di protoni di 28 GeV del PS del CERN. Le propriets pi~ importanti che dovrebbero caratterizzare i poll di Dirac sono riassunte rml paragrafo 1; alcune questioni teoriche chc verrebbero sollevate dalla loro esistenza sono ricordate brevemente nel paragrafo 2. I dettagli dell'esperimento (che viene indicato come esperimento del III tipo) sono esposti nel paragrafo 3 (altri due esperimenti sono gih stati presentati alla Conf6rence Internationale sur les particules 616mentaires tenuta a Aix-en-Provence nel 1961). I valori del limite superiore (definito come limite di eonfidenza al 95%) per la sezione d'urto di produzione nell'urto protone-protone e protone-nucleone vengono dedot~i nel paragrafo 4 dal risultato negativo di ciascuno degli esperimenti (Tabella III). Tali risultati, nonostante il diverso significato dei tre tipi di esperimento, sono stati utilizzati per stabilire le seguenti stime globali dei limiti superiori delle sezioni d'urto.-~p~< 1.0.10 -4~ em 2, (r~v~ 0.5. l0 -4~ cm ~. Eel paragrafo 5 vengono presentate alcune considerazioni finali.
z~
